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control of lasing
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Institut fu¨r Angewandte Photophysik, Technische Universita¨t Dresden, George-Ba¨hr-Strasse 1,
D-01069 Dresden, Germany
ABSTRACT
Organic microcavities comprising the host:guest emitter system Alq3:DCM offer an interesting playground to
experimentally study the dispersion characteristics of laterally patterned microlasers due to the broad emission
spectrum and large oscillator strength of the organic dye. By structuring of metallic or dielectric sublayers
directly on top of the bottom mirror, we precisely manipulate the mode structure and influence the coherent
emission properties of the device. Embedding silver layers into a microcavity leads to an interaction of the
optical cavity-state in the organic layer and the neighboring metal which red-shifts the cavity resonance, creating
a Tamm-plasmon-polariton state. A patterning of the metal can in turn be exploited to fabricate deep photonic
wells of micron-size, efficiently confining light in lateral direction. In periodic arrays of silver wires, we create a
Kronig-Penney-like optical potential in the cavity and in turn observe optical Bloch states spanning over several
photonic wires. We modify the Kronig-Penney theory to analytically describe the full far-field emission dispersion
of our cavities and show the emergence of either zero- , π-, or 2π- phase-locking in the system. By investigating
periodic SiO2 patterns, we experimentally observe stimulated emission from the ground and different excited
discrete states at room temperature and are able to directly control the laser emission from both extended and
confined modes of the photonic wires at room-temperature.
Keywords: Organic Microcavity, Tamm-Plasmon-Polariton, Photonic Lattice, Optical Bloch State, Photon
Confinement, Control of Lasing, zero/pi State, Kronig-Penney
1. INTRODUCTION
Microcavity (MC) lasers provide strong vertical confinement of light due to typically very high reflectivities of
distributed Bragg reflectors (DBRs) encasing an active cavity layer providing optical net gain to the system.1
Typical semiconductor cavities include GaAs-based DBRs with active quantum wells and dots,2 but a large
number of active systems have developed, including organic3 and biological4 materials. Often, such resonators
are planar, exhibiting a parabolic photon dispersion normal to the cavity surface. Micropillars5 or photonic
wires6,7 are etched from such planar systems to provide stronger confinement and mode control in the lateral
direction. Other ways of patterning include the deposition of metal stripes on top of the device8 or the use of
surface acoustic waves,9 typically producing a weak modulation of the cavity potential. Photonix boxes10–13 and
wires,14,15 and arrays of these are investigated regarding their confining properties and exhibit more complex
mode dispersions. More recently, the ability to strongly couple excitons to cavity polaritons, usually at Helium-
temperature, has led to an increasing number of experiments on such systems, including polariton condensation
in electrically driven devices.16 Organic media also have been utilized to facilitate strongly coupled systems and
are able to condense even at room-temperature.17,18
Interestingly, large coherence lengths in microcavity systems allow the investigation of the formation of
photonic bands in various photonic crystal structures patterned into the device. Periodic photonic wires19 are
investigated as well as square-20–22 or hexagonal23 lattices leading to clear band structures as commonly observed
in solid-state physics. Typically, a weak modulation of the cavity facilitates the formation of extended bands,
while deep potentials lead to mode localization and confinement in lateral direction. More recently, we have
shown the coexistence of localized and extended states in arrays of photonic wires by introducing thin metal
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stripes into an organic microcavity.24,25 Here, the thin metal layer leads to the formation of Tamm-plasmon-
polariton (TPP) states,26–28 creating a deep confinement that lies energetically below the cavity resonance.
Above the resonance, an array of micron-size wires facilitates the formation of Bloch-like supermodes clearly
showing photonic bands separated by corresponding bandgaps.
In this work, we aim to investigate two conceptually different ways to laterally pattern the cavity dispersion -
the use of TPPs on the one hand, and an index-guided confinement in dielectric wires on the other hand. While
both types prove to be suitable for creating an extended Bloch-like dispersion, we observe differences in the
lasing properties of the devices, leading to different possible applications. We describe the dispersion utilizing a
modified Kronig-Penney model in good agreement with the experimental observations explaining both localized
and extended parts of the Bloch-like states. Both patternings provide a way to directly engineer the optical
modes in a microcavity system and lead to a direct way to shape photon and polariton dispersion as well as
opening up the possibility to precisely control the build-up of coherence of those particles.
2. SAMPLE AND EXPERIMENTAL SETUP
2.1 Sample and Fabrication
In this work, we experimentally investigate MCs made of highly reflecting (R ≥ 99.5%) distributed Bragg
reflectors (DBRs) with a design wavelength around 630 nm, providing quality factors on the order of Q=1000.
The λC/2 cavity layer is encased by two mirrors and comprises 2wt% of the laser dye Dicyanomethylene-2-
methyl-6-p-dimethylaminostyryl-4H-pyran (DCM) doped into the matrix Tris-(8-hydroxyquinolinato)-aluminium
(Alq3, nO ≈ 1.7). Apart from the vertical confinement caused by the DBRs, an additional lateral confinement is
introduced via several different interlayers, located between bottom DBR and organic cavity layer. By producing
stripes of either silver or SiO2 of few tens of nanometer thickness and micron-scale width, an efficient lateral
trapping and modulation of the cavity dispersion can be achieved by spectrally shifting the emission to lower
energies.
The DBRs are fabricated by reactive electron beam evaporation of 21 alternating layers of TiO2 and SiO2
with quarter-wavelength thicknesses, under a base pressure of 5 × 10−7mbar and a partial oxygen pressure of
2×10−4mbar. On top of the bottom DBR, the patterned interlayer is produced by two types of photolithography.
For metal layers, an etching process is feasible to use, as depicted in Figure 1. A thin metal layer is deposited
on the mirror via thermal deposition in vacuum, under a base pressure of 1× 10−6mbar. A commercial negative
tone photoresist (AZ nLOF2020 by MicroChemicals) of 2µm thickness is spin-cast on top. After UV-exposure
through a chrome contact-mask, the exposed parts of the resist crosslink, while the rest can be dissolved during
development in tetramethylammonium hydroxide (TMAH). The remaining resist is further fixed by heating
at 120◦C for 3 minutes. This patterned resist layer serves as a protection of the underlying silver which can
now be etched using either wet-etching in nitric acid (HNO3), or plasma-etching with Ar ions. Finally, the
remaining resist can be removed in various solvents, such as N-methyl-2-pyrrolidone (NMP), leaving the DBR
with patterned silver on top for further deposition of the cavity.
As dielectric materials such as SiO2 are not easily etched, especially without damaging the DBR, a lift-off
process is used for them (Fig. 1 (b)). The photoresist is cast directly onto the DBR and, after development,
serves as a deposition mask for the SiO2 layer. After deposition, the resist and SiO2 on top of it can be lifted
off in appropriate solvents. As this step is less controllable and prone to errors, lift-off processes are not used
for the metal layer. To improve the lift-off, a double resist system with a fluoropolymer layer as bottom resist
can be used,29 which is soluable in hydrofluoroethers (HFEs,30). After lift-off, we obtain a DBR with patterned
SiO2 layer for further use.
On top of the patterned DBRs, the active Alq3:DCM layer is deposited by thermal co-evaporation at a base
pressure of 5 × 10−7mbar. The sample is finished by depositing the top DBR. In the finished samples (Fig. 1
(a2) and (b2)), the regions of Ag or SiO2 lead to a redshift of the cavity potential, albeit for different physical
reasons.
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Figure 1. Microcavity fabrication. (a) Photolithographic etching process used for metal layers. After deposition of a
bottom DBR and a thin metal layer, a photoresist layer is deposited on top via spin-casting and exposed by i-line UV
light (365 nm) through a contact shadow mask. After development, the resist serves as a protection for the underlying
metal during the etching process (either wet-etching using HNO3 or e.g. plasma-etching). After removal of the remaining
photoresist, the sample can be finished with the organic and top DBR layers. (a2) Finished sample and resulting photonic
potential scheme for the etching process. The formation of Tamm-plasmon-polaritons leads to a redshift of the cavity
resonance. (b) Photolithographic lift-off process. Here, the resist is deposited on the DBR itself and, after exposure and
development, serves as a lift-off resist for material deposited on top. As e.g. SiO2 can not be etched without destroying
the underlying DBR, this method is favored here. The resulting image will be the negative compared to process (a). (b2)
Finished sample and resulting photonic potential scheme for the lift-off process. The increased cavity thickness of the
low-index SiO2 leads to a redshift of the cavity resonance.
2.2 Microphotoluminescence Setup
For below and above threshold investigations of our microcavities, we use either a 405 nm cw laser diode, or a
pulsed 532 nm solid state laser (1.5 ns pulse length @ 2 kHz, (a)). In our measurement setup in Figure 2, they
are focused onto the sample (d) in spot diameters from 2µm to several tens of µm to observe photoluminescence
(PL) and lasing of the organic microcavity. Using either the near-field or the far-field lens (g), we get access
to the spatially or angularly resolved spectrum, respectively, by focusing either the image plane or its Fourier-
distribution8 onto the entrance slit of a 0.6m imaging spectrometer recorded by a cooled charge-coupled device
(CCD) camera (h). The spectra are recorded unpolarized or in different polarizations using the filter (f). The
excitation intensity can be tuned via a neutral density filter wheel (b). All experiments are performed at room-
temperature under ambient conditions.
3. RESULTS
3.1 Creating the Photon Energy Landscape
In standard microcavities, the position of the resonant mode is either constant over the sample for constant layer
thicknesses or continuously tunable, when the cavity layer exhibits a wedged shape. Obtaining sharp changes of
the cavity resonance on small length-scales requires the use of patterned interlayers that locally affect photons
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Figure 2. Microphotoluminescence setup. (a) Excitation laser sources. (b) Neutral density filters. (c) Focusing objective
25x, NA=0.5 . (d) Sample. (e) Imaging objective 63x, NA=0.8 . (f) Edge filter for excitation light and polarization
analyzer. (g) Near- and far-field lenses. By exchanging one lens by another, we change between a spatially (near-field)
and angularly (far-field) resolved image. (h) recording setup switchable by flip-mirror between CCD and spectrometer.
or polaritons either by increasing the optical thickness of the cavity, or by changing their phase at the interface
of the layer. Both methods shall be presented in the following.
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Figure 3. Angle-resolved emission from MC with 30 nm metal ((a) and (b)) and 15 nm SiO2 ((c) and (d)) interlayers at
respective edges of metal/no-metal or SiO2/no-SiO2 areas. (a) Simulation of transmission through the metal-cavity. The
addition of 30 nm of silver leads to a phase-shift at its interfaces and thus the formation of Tamm-plasmon-polariton (TPP)
states at 643 nm (TPP1) and 685 nm (TPP2). The original cavity is visible at 621 nm as both metal and no-metal areas
are excited. (b) Corresponding experimental emission spectrum. (c) Simulation of transmission through the SiO2-cavity.
Here, the addition of the thin low-index oxide layer leads to an increase in cavity thickness and thus a shift of the cavity
resonance to 649 nm. In contrast to the metal cavity, no phase-change is observed at the SiO2 interfaces. The original
cavity mode is visible at 621 nm, again. (d) Corresponding experimental emission spectrum. Intensity is color-coded in
all figures.
Introducing thin silver layers into such a microcavity leads to the formation of Tamm-plasmon-polariton
(TPP) states, as the high absorption and vanishing optical thickness of the metal (nAg ≈ 0.1) induces a change
of phase of photons at the interface to the adjacent layers. Two coupled modes are generated, the TPP state 1,
which resides mainly in the organic cavity still, and the TPP state 2, which resides in the first TiO2 layer of the
DBR, next to the silver.28 Both are red-shifted compared to the original cavity mode - TPP 1 here represents
the original cavity state that gradually decreases in energy for thicker metal layers, while TPP 2 emerges from
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the red side-band of the DBR and gradually shifts to the blue. At thicknesses >50 nm, the resonances decouple
and preserve their spectral distance.28
Calculating the spectral position of modes in a metal-organic cavity requires solving the coupled resonator
equation:31
−
t2
r2
= (1− (rTiO2re
2iφTiO2 )−1)(1− (rAlq3re
2iφAlq3 )−1), (1)
where r and t are the reflection and transmission coefficients of the metal layer, rTiO2 and rAlq3 the reflection
coefficients of the adjacent DBRs on the side of TiO2 and on the side of the organic active layer. φTiO2 and
φAlq3 represent the the phases of propagation through the adjacent layers, respectively. Here, we are interested
in the TPP 1 state, which resides mainly in the organic layer and shifts to the red from the initial cavity mode
position, for increasing thickness of the silver layer.28 A full calculation of these properties can be found in31 by
Bru¨ckner et al. . The mode positions can then be determined analytically by a transfer matrix algorithm, while
for practical purposes a numerically solved algorithm including all 44 layers is used. In our samples, this leads
to red-shifts on the order of V = 69meV for 30 nm of silver (compare Fig. 3 (b)) and V = 75meV for 40 nm of
silver (compare Figs. 4(a) and 5(a)).
While the redshift in the case of metal interlayers is caused predominantly by the interaction with plasmons
and the resulting phase change at the interfaces of the metal layer, a redshift can also be introduced using a
non-absorbing low index dielectric interlayer to increase the optical thickness of the cavity. Here, we use SiO2
as low index material which, even for very low thicknesses, can result in a strong shift of the cavity mode.
Assuming no penetration into the DBRs, for cavity modes exactly centered around the stop-band of the mirrors,
their energy can easily be calculated:
ECav =
π~c
nAlq3dAlq3 + nSiO2dSiO2
, (2)
where ni and di are the refractive indices and physical thickness of the organic (Alq3) cavity layer and the SiO2
wires. In the real case, such assumptions do not always hold, and detuning as well as polarization of light has to
be taken into account. A full calculation can be found in Panzarini et al.32 and, as applied to a photonic wire
cavity, by Lo¨chner et al.33 As the dielectric structuring is based on a direct increase of the cavity thickness and
is thus very efficient, we achieve a redshift of V = 86meV for only 15 nm of SiO2 between the bottom DBR and
the organic cavity layer.
The spectra of half-semi-infinite cavities with either no interlayer, or 30 nm of silver and 15 nm of SiO2 can be
seen in Figure 3. Fig. 3 (a) and (b) show the emission spectra of a microcavity with 30 nm of metal for excitation
at the boundary between metal and metal-free area. While the original cavity mode without metal is located at
620 nm and shows the typical parabolic dispersion, in the silver-covered area we see the formation of two TPP
states at 643 nm and 685 nm (not shown completely). In (c) and (d) the modes of the SiO2-cavity are depicted.
While the original cavity mode resides at 621 nm, the additional cavity thickness shifts the SiO2-cavity-state to
649 nm.
Utilizing this red-shifted states in samples patterned on the micron-scale creates strong photonic confinement
and, in periodically patterned samples, leads to the formation of photonic Bloch-states exhibiting dispersion
relations in analogy to the electronic dispersion in crystal lattices. By creating patterned stripes of 4µm to
10µm in width we locally shift the cavity potential by V > 60meV and thus create deep photonic wires with a
high number of localized states below the potential barrier. Figure 4 shows the spatially resolved emission from
such photonic wires for either TPP-based (a) or dielectric (b) confinement.
In Fig. 4 (a), we observe a strong spatial confinement of photons in the spectral range between 658 nm to
685 nm at the position of the 40 nm-thick metal layer. The emission from photonic wires is discretized in energy
and exhibits modes of increasing number of antinodes that are directly observable in the emission of our sample.
As only discrete k-values are allowed inside the well, the energies (at ky = 0) are qualitatively given by:
10
Em = ~c
√
k2z + k
2
y + k
2
z = ~c
√
k2z +
(m+ 1)2π
n2Ca
2
= π~c
√
1
(nCLC)2
+
(m+ 1)2
n2Ca
2
, (3)
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Figure 4. (a) Spatially resolved emission spectrum of a MC with 40 nm-thick metal stripes of ≈7µm in width. In the range
of 658 nm - 685 nm, confined Tamm-plasmon-polaritons are visible as discrete standing waves with an increasing number
of antinodes due to the strong confinement below the barrier. Above the barrier, an extended Bloch-like state becomes
visible. (b) Spatially resolved emission spectrum of a MC with SiO2 stripes of ≈4.5µm in width. Here, confined states
are visible in the range of 649 nm - 622 nm. Despite their different physical origins, both types of structuring produce
similar strong lateral confinement.
where nC and LC are the effective cavity refractive index and thickness, which has to be adapted to the phase
change at the metal interface, accordingly, and c is the speed of light in vacuum. The index m describes the
number of confined state from ground (m=0) to highest excited state below the barrier. Above the barrier
(< 658 nm), extended states fill the spectrum.
Similarly strong confinement can be observed in SiO2 stripes, where a comparably small physical thickness of
only 15 nm is enough to create the deep potential of the photonic wire from 621 nm to 649 nm. In 4.5µm thick
wires, we again observe a discretization of modes below the barrier. The calculation of their energy levels follows
Equation (3) again, where the cavity thickness nCLC is directly calculated from the optical thicknesses of organic
and SiO2 layers nAlq3LAlq3 + nSiO2LSiO2 . The smaller width of the wire here leads to a larger spacing between
discrete states. In addition, a detuning of this particular cavity with respect to the DBR design wavelength
facilitates a splitting of each discrete mode into its respective polarization directions TE and TM, where TE
modes lie lower in energy than their TM counterparts. A full calculation of these polarization-dependent mode
positions requires a full consideration of the penetration of modes into adjacent DBR layers32,33 and shall not
be given here.
The types of structuring employed here serve similarly well to confine light inside of microcavities, even though
the physics behind the shift of the photonic potential is completely different. Both, plasmonic and index-guided
confinement, may be utilized to shape photon or polariton dispersions towards interesting new experiments.
3.2 Photonic Bloch States in Metal- or SiO2-Patterned Cavities
While the spatially-resolved near field gives a good representation of the photonic well and its corresponding
modes and a direct observation of the photonic potential, the full observation of Bloch-states can only be made
in angle-resolved emission spectra. Figure 5 shows the dispersion for both metal- (a) and SiO2 (c) cavities below
and above their potential barrier. Below the barrier, the discrete states exhibit a flat dispersion and (m − 1)
submaxima inside the typical cavity parabola, according to the index m of discrete state. While even states
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Figure 5. Spontaneous emission spectra from laterally patterned microcavities. (a) Angle-resolved emission spectrum of
a MC with a 40 nm-thick silver layer of ≈4µm in width. Below the barrier at 658 nm, discrete TPP states are confined
within the metal stripe, exhibiting a flat dispersion. Above the barrier, an extended Bloch-like spectrum becomes visible.
(b) Kronig-Penney calculation for (a) with Bragg-scattering up to the eighth order. (c) Angle-resolved emission spectrum
of a MC with a 15 nm thick SiO2 layer of ≈4.5µm in width. Again, a discrete, confined spectrum becomes visible below the
barrier, albeit of higher quality owing to the low absorption of SiO2 in comparison to silver. Above the barrier, a similar
Bloch-like bandstructure with clear bandgaps is visible. (d) Kronig-Penney calculation for (c) with Bragg-scattering up
to the eighth order.
(m = 0, 2, ...) exhibit always an antinode in the center, odd states (m = 1, 3, ...) show the first antinodes at
k = π/(a+ b) and thus show no emission in normal direction to the sample surface.
Above the barrier, the formation of photonic energy bands with band-gaps becomes clear in both cases. Here,
the lowest above-barrier state starts, complementary to the oddity of the highest below-barrier state, either at
k = 0 ((c), mbelow = 7) or at a π-state ((a), mbelow = 8). As the intensity of light is dampened by the metal layer,
the below-barrier states in the metal cavity exhibit a lower intensity than the above-barrier states, while in the
SiO2 cavity a more evenly distributed intensity can be observed. Nevertheless do both types of structuring show
not only the formation of localized states below but also a clear and directly accessible Bloch-like dispersion above
the photon potential barrier. Furthermore, this interaction between different optical states of several periodic
wires at macroscopic distances showcases the large spatial coherence in the system, at room-temperature, even
below the lasing threshold.
The formation of Bloch-like optical modes can be calculated using a modified Kronig-Penney model. The
cavity dispersion is related to the dispersion of a free electron via:
E(kx) =
√(
π~c
ncLc
)2
+
~2c2
n2c
k2x ≈ E(0) +
~
2k2x
2m∗x
, (4)
where the starting energy E(0) can be calculated as above and the photons obtain an effective mass m∗x ≈
π~nc/cLc on the order of 10
−5me (electron mass). A full consideration of all applicable parameters includes the
polarization into the effective mass as shown in detail by Lo¨chner et al.33
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equation:
∂2ψ
∂x2
+
2m∗E
~2
ψ = 0 0 < x < b
∂2ψ
∂x2
+
2m∗(E − V0)
~2
ψ = 0 − a < x < 0, (5)
and periodically continued, yielding wave functions:34
ψ1 = Ae
iαx +Be−iαx; with α =
√
2m∗xE
~
ψ2 = Ce
−iβx +Deiβx; with β =
√
2m∗x(E − V )
~
, (6)
with propagation wavevectors α and β and normalization constants A,B,C,D. Applying the Bloch-theorem
and continuity conditions, this set of equations can be solved by computing the determinant of the coefficient
matrix, leading to a transcendental equation for the energy dispersion:
β2 − α2
2αβ
sinh (βb) sin (αa)− cosh (βb) cos (αa) = cos ((a+ b)× k). (7)
This equation can be solved graphically or numerically and directly yields the energy dispersion for photons in
periodically patterned microcavities. Figure 5 (b) and (d) show this calculation for the corresponding samples (a)
and (c). We obtain an excellent agreement regarding number and positioning of localized states and formation
of extended Bloch-like states above the potential barrier. As the emission of microcavities is influenced by
Bragg-scattering at the boundaries of the Brillouin zones, we include Bragg-scattered replica up to order 8 in
the calculation.
Both types of structuring facilitate an engineering of the cavity dispersion despite fundamentally different
physical origins. While coupled Tamm-plasmon states enable interesting insights into the coupling of photons
to plasmons and a direct route to electrical excitation, structuring via loss-less dielectric materials provides the
highest optical quality of the sample and very narrow modes with high quality factors both in vertical and lateral
direction.
3.3 Laser Modes in Periodically Patterned Microcavities
By increasing the excitation intensity, both MCs can be brought to lase at threshold energies on the order of the
magnitude of a few nJ/Pulse. The laser mode characteristics however differ strongly from planar cavities, where
stimulated emission takes place always at the bottom of the cavity parabola, at k=0. There, the apex provides
a high density of states (DOS) and therefore an accumulation of field intensity necessary to overcome the lasing
threshold. The coherent interaction between states located in different photonic potential wells or on top of the
barrier in patterned MCs severely alters the photon dispersion as seen above and provides a concentration of
photon DOS ρ(E) = 2(dk/dE)/π35 next to photonic bandgaps and at discrete states below the barrier. This
leads to a manifold increase of possible lasing modes both on top of the structured areas and inbetween. Even
though lasing in TPP structures has been reported recently,27,36 the additional metal absorption even in such
TPP states makes lasing of this particular state difficult to observe. Here, the above-barrier extended Bloch
states provide the ability to observe unusual lasing modes of the cavity state at non-zero in-plane momentum.
Figure 6 (a) depicts a measurement above threshold, showing lasing (in red) from an excited above-barrier state.
Here, the laser mode is concentrated at k = ±π/(a + b) and no emission in normal direction is observed. Due
to its comparably weaker intensity, the spontaneous emission of the TPP states is not visible here. By further
increasing the excitation pulse energy, we observe multimode lasing from up to 4 different modes at increasing
k = ±mπ, shown in Fig. 6 (b).
On the other hand, the almost loss-less SiO2 wires provide an ideal spot for tunable lasing modes in their
discrete states. By engineering the spatial distribution of excitation in the system, different laser modes can be
selectively excited.38 In Fig. 6 (c) and (d), the spatially and angle-resolved spectra of lasing from a high excited
Utilizing this analogy, the Kronig-Penney model can be computed from the time-independent Schro¨dinger
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Figure 6. Lasing spectra of patterned MCs. (a) Angle-resolved lasing of the second cavity-state (m=1) in a MC with
40 nm-thick silver stripes of ≈4µm in width. The lateral patterning enables lasing of non-ground modes in the cavity state
at the position of ±1pi. (b) Angle-resolved lasing of multiple states in the metal-cavity at k = m× pi, going up to m=3.
(c) Lasing of a highly excited SiO2-cavity state in a MC with 15 nm SiO2 of ≈4.5µm in width. Due to the low absorption
of SiO2 and the flat dispersion provided by the confinement, higher order states can be excited. (d) Angle-resolved image
of (c), showing lasing at high m. Due to polarization splitting in this MC, the lasing mode is split into the m=6 TE- and
m=5 TM- modes.
discrete state can be seen. Due to polarization splitting,37 the discrete states split into TE- and TM-polarized
modes and the final lasing modes is split into the 6TE and 5TM mode due to their close spatial overlap.
The lateral patterning of microcavities provides an interesting playground for engineering coherent interaction
of photons and polaritons at macroscopic distances. While metallic patterning provides coherently coupled states
above the potential barrier as well as a direct electrical access for future charge carrier injection, SiO2 wires
provide continously tunable coherent states38 in their deep photonic potential wells. Such patterning can be
integrated into smallest devices on the micron-scale in all dimensions.
4. CONCLUSION
We have presented laterally patterned organic microcavities, where we employ conceptually very different struc-
tured interlayers to produce shifts in the cavity potential and facilitate the formation of localized and extended
Bloch-like states. In metal-organic MCs, the formation of Tamm-plasmon-polaritons is utilized, enabling the
observation of photonic wells, Bloch-states and laser emission at non-zero in-plane momentum, also showcasing
their macroscopic coherence at room-temperature. Patterning the cavity using the almost loss-less SiO2, we
observe a potential shift due to an increased cavity thickness and observe Bloch-states of very high optical qual-
ity in all directions. Continuously tunable lasing is enabled by exciting different discrete states in the system.
The experimental observation of Bloch-states is assisted by a modified Kronig-Penney calculation, giving an
analytical model for the complex dispersion in the cavities. Both types of structuring show promising features
for shaping photonic and polaritonic states in MCs and controlling the build-up of coherence in those systems.
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